Patients enrolled in the African American Study of Kidney Disease and Hypertension (AASK) Cohort Study who exhibited overt proteinuria have been reported to show high nonalbumin proteinuria (NAP), which is characteristic of a tubulopathy. To determine whether African American Study of Kidney Disease and Hypertension nephropathy (AASK-N) is a tubulopathy, we obtained urine samples of 37 patients with AASK-N, with 24-hour protein-to-creatinine ratios (milligrams per milligram) ranging from 0.2 to 1.0, from the National Institute of Diabetes and Digestive Kidney Diseases repository and tested for seven markers of tubular proteinuria. By protocol, each sample had been collected in acetic acid (0.5%; mean final concentration). Compared with samples from patients with lupus nephritis or healthy black controls, AASK-N samples had lower amounts of six markers. Four markers (albumin, b-2microglobulin, cystatin C, and osteopontin) were undetectable in most AASK-N samples. Examination by SDS-PAGE followed by protein staining revealed protein profiles indicative of severe protein degradation in 34 of 37 AASK-N urine samples. Treatment of lupus nephritis urine samples with 0.5% acetic acid produced the same protein degradation profile as that of AASK-N urine. We conclude that the increased NAP in AASK-N is an artifact of acetic acid-mediated degradation of albumin. The AASK-N repository urine samples have been compromised by the acetic acid preservative.
The pathogenesis of the kidney disease studied in the African American Study of Kidney Disease and Hypertension (AASK) is unclear. The African American Study of Kidney Disease and Hypertension nephropathy (AASK-N) is often referred to as "hypertensive nephrosclerosis" because of the belief that it is caused by hypertension. 1 However, there are at least two lines of evidence that argue against this. First, BP control did not result in an improvement in the rate of GFR decline. 1 Second, the majority of AASK-N renal biopsies showed pervasive global glomerulosclerosis, but the degree of global glomerulosclerosis was not significantly correlated with the degree of arteriolar sclerosis and arteriole sclerosis, which are the hallmarks of hypertension-induced kidney injury. 2 The presence of global glomerulosclerosis suggests that AASK-N may represent a primary glomerulopathy. However, AASK-N progressed relentlessly at low levels of proteinuria (for example, at 24-hour urine protein levels of ,300 mg). 3 Chronic glomerulopathies show little or no progression at this level of proteinuria. 4 Progression at low levels of proteinuria is characteristic of a tubulopathy. 5, 6 Interestingly, a study in an animal model showed that primary tubular injury could cause global glomerulosclerosis. 7 To assess whether AASK-N behaves as a primary tubulopathy, we analyzed 24-hour urine samples from the AASK Cohort Study obtained from the urine biorepository at the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK). This analysis initially involved measuring a panel of markers of tubular protein in urine from 37 patients with AASK-N. These samples were collected at the last visit of the AASK Cohort Study period (usually at 60 months from the AASK Cohort Study entry). Total storage time at 280°C was about 10 years.
The urine protein-to-creatinine ratio (milligrams per milligram) measured in these AASK samples at the AASK central laboratory (The Cleveland Clinic) ranged from 0.20 to 0.99 ( Figure 1A) , and the urine albumin-to-creatinine ratio (ACR) ranged from 0.01 to 0.31 ( Figure 1B ). For comparison, 24-hour urines were analyzed from 20 patients with lupus nephritis (LN) and a similar protein-to-creatinine ratio range (0.21-0.97) ( Figure 1A ) but higher ACR range (0.08-0.57) ( Figure 1B ). Also analyzed were urine samples from 20 healthy black controls. The LN and control samples were from the Ohio SLE Study Cohort (OSS) 8 and stored at 280°C for a period comparable with or longer than the AASK-N samples.
The tubular proteinuria markers that were measured included albumin, b-2-microglobulin, cystatin C, osteopontin, EGF, uromodulin, and neutrophil gelatinase-associated lipocalin (NGAL). Unexpectedly, albumin, b-2-microglobulin, cystatin C, and osteopontin ( Figure 1 , C-F) were undetectable in the majority of the AASK-N samples but detectable in nearly all of the LN urine samples and most of the control urine samples. Of the three markers that were measureable in the majority of the AASK-N samples, urine EGF levels were lower than the LN (P,0.001) or control (P,0.001) urine levels ( Figure 1G ), and urine uromodulin levels were lower than the LN urine levels (P,0.01) but not control urine levels ( Figure 1H ). AASK-N urine NGAL levels were comparable with LN or control NGAL levels ( Figure 1I) .
The difference between albuminuria levels measured in the AASK Cohort Study ( Figure 1B ) and those measured in this study ( Figure 1C ) and the fact that the AASK-N samples had low, often undetectable levels of tubular protein markers suggest that severe protein degradation had occurred in the AASK-N urine samples. To directly address this, the 37 AASK-N urine samples were analyzed by SDS-PAGE followed by protein staining of the gels; 34 of 37 samples showed substantial protein degradation, with almost complete loss of the albumin band and the appearance of two major bands below 10 kD. Urine from LN samples showed the predominant band as albumin, with no bands at or below 10 kD. Examples of this analysis are in Figure 2 , which shows two SDS-PAGE gels, each containing eight AASK-N urine samples and two LN urine samples.
To test whether the degradation was limited to the samples that we received initially, a duplicate set of urine samples (different aliquots and no additional thaws) was obtained from the NIDDK as well as samples from the same patients but from 1 year earlier. In both sets of samples, the same degree of albumin degradation was observed by SDS-PAGE. To assess thawing effects, urine samples from five black patients with LN and overt proteinuria were analyzed by SDS-PAGE after eight freeze-thaw cycles. This showed little albumin degradation (data not shown). Finally, to assess the effects of temperature storage conditions, aliquots of the same five LN urine samples were stored at room temperature or 37°C for up to 5 days and analyzed by SDS-PAGE. As can be seen in Figure 3 , storage up to 5 days at 37°C resulted in little albumin degradation.
The AASK protocol for 24-hour urine collections required the addition of 250 ml 5% acetic acid as a preservative at the start of the urine collection. To test whether the presence of acetic acid was responsible for the albumin degradation in the AASK-N samples, acetic acid was added to urine samples from the five patients with LN at a final concentration of 0.5%, and the samples were incubated for various times at room temperature. This acetic acid concentration was comparable with the final concentration in the AASK-N samples on the basis of the average 24-hour urine volume of 37 patients with AASK-N (2100 ml). Figure 4 shows the effect of incubation at room temperature for 3 ( Figure 4 , left panel) and 7 days (Figure 4, right panel) . The acetic acid-treated samples (even-numbered lanes in Figure 4) showed albumin degradation patterns similar to the AASK-N samples, although not as complete, with the 7-day incubated samples showing more degradation than the 3-day incubated samples. By comparison, the control samples (odd-numbered lanes in Figure 4) showed no degradation.
The degradation of albumin by acetic acid explains these finding of almost complete albumin degradation in the AASK-N urine samples and the low, often undetectable levels of the other tubular markers (Figure 1 ). The protocols for these measurements, nephelometry for albumin and dual antibodies for the tubular markers, require that the proteins have intact epitopes. Protein degradation by acetic acid disrupts these epitopes. These urine samples were collected directly into 250 ml 5% acetic acid and by protocol, could be kept refrigerated if delivered to the central laboratory within 7 days. Under these conditions, significant albumin degradation likely occurred by the time that the samples were tested at the AASK central laboratory. Interestingly, the colorimetric assay used for total proteinuria measurements in the AASK (pyrogallol red) 9 does not detect urinary peptides well. 10, 11 This suggests that total proteinuria measurements reported in the patients in the AASK could also have been underestimated. However, the effect of acetic acid seems to be more pronounced on antibodybased measurements than on pyrogallol red-based measurements. 10 Thus, the presence of acetic acid likely explains the low albuminuria levels (high nonalbumin proteinuria) reported in the AASK Cohort Study. 9 The use of acetic acid as a preservative for 24-hour urine collection is not common but does appear in some standard protocols for a specific 24-hour urine test. For instance, the 24-hour urine collection protocol for the Department of 
Laboratory Medicine and Pathology at
Mayo Clinic lists preservative options for 64 different tests. Of those, acetic acid is listed as acceptable or preferable for 47 tests, with most involving measurements of salts or compounds by mass spectrometry. It is conceivable that, with so many tests considered compatible with acetic acid as a preservative, some 24-hour urine collection protocols might default to using acetic acid. This may be less of an issue for clinical testing that is done immediately after collection than for samples destined for biorepositories. Fortunately, the only other study with 24-hour urine samples that were collected in acetic acid and stored in the NIDDK biorepository seems to be the Modified Diet in Renal Disease (MDRD) Study.
A recent analysis of urine biorepository samples collected from 12 different clinical studies reported that urine albumin levels are stable during long-term storage at 270°C. 12 This report was on the basis of good concordance between ACR levels measured at the time of each Figure 3 . Urine protein is stable at room temperature or 37°C for at least 5 days. Each lane contains 10 ml urine from two patients with LN (lanes 1-5 and lanes 6-10). Samples were analyzed fresh (lanes 1 and 6) or after storage at room temperature for 1 (lanes 2 and 7) or 5 days (lanes 3 and 8) or 37°C for 1 (lanes 4 and 9) or 5 days (lanes 5 and 10). Molecular mass markers are shown in lanes designated as M, and the corresponding relative molecular masses are shown on the far left in kilodaltons. The albumin bands are noted by the arrow. As shown, storage of urine at room temperature for as long as 5 days did not result in any visible albumin degradation. Similar results were seen for urines stored at 37°C, although one of two LN samples did show the appearance of one small band after 5 days at 37°C (lane 5). . Urine albumin is degraded by 0.5% acetic acid. Each lane contains 10 ml urine from five patients with LN (lanes 1 and 2; 3 and 4; 5 and 6; 7 and 8; and 9 and 10). Each urine sample was previously stored at room temperature for 3 or 7 days after the addition of 10% by volume water (controls; odd-numbered lanes) or 5% acetic acid (even-numbered lanes). Molecular mass markers are shown in lanes designated as M, and the corresponding relative molecular masses are shown on the far left in kilodaltons. The albumin bands are noted by the arrows. As shown, a final concentration of 0.5% acetic acid resulted in visible albumin degradation in a pattern similar to the AASK-N samples (Figure 2 ), and this pattern after 7 days storage was more pronounced than after 3 days of storage. By comparison, the controls showed no albumin degradation. study and ACR levels measured 10-20 years later. Interestingly, both the AASK and the MDRD Study urine samples were included in this study. It is unclear why these results seem to contradict our findings. However, the number of AASK (or MDRD) urine samples included in the total sample set was not specified, and their original albuminuria levels were also not specified. Many of the urine samples had ACRs,0.1 mg/mg, and direct testing for protein degradation was not reported.
In conclusion, this work shows that, if urine protein analyses are required, acetic acid should not be used as a preservative. Also, the previous report of high nonalbumin proteinuria in AASK-N is likely an artifact due to acetic acidmediated albumin degradation, not evidence of a tubulopathy. Nevertheless, as discussed above, it remains plausible that AASK-N could be a primary tubulopathy.
CONCISE METHODS

Urine Samples
Thirty-seven 24-hour urine samples were shipped from the NIDDK biorepository overnight on dry ice and immediately stored at 280°C. These samples were from the last visit of 37 participants in the AASK Cohort Study, all having protein-to-creatinine ratios ranging from 0.2 to 1.0. Urine samples from 20 patients with LN from the OSS with similar protein-to-creatinine ratio ranges and 20 healthy black controls were also included in this study. Before each testing, the urine samples were quickly thawed in a room temperature water bath and then, placed on ice until testing. Urine samples were then immediately refrozen at 280°C.
Kidney Injury Marker Panel Testing
A multiplex platform (Meso Scale Discovery [MSD], Rockville, MD) was used to test for seven different markers of kidney injury (MSD Kidney Injury Panel 5) according to MSD's instructions. This platform is an immunoassay that uses a capture and detection antibody pair for each analyte. The assay was performed in The Ohio State University Clinical Research Center.
SDS-PAGE Analyses
Ten microliters each urine sample was analyzed by SDS-PAGE under reducing conditions. The gels were 4%-15% gradient gels, and proteins were detected by Coomassie Dye R-250 staining (Imperial Protein Stain; Thermo Fisher Scientific, Waltham, MA). Prestained molecular masses (SeeBlue Plus2; Thermo Fisher Scientific) were included to estimate the relative size of the protein bands. Additional information is in Supplemental Material.
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